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M A N U S C R I P T

Highlight
• We proposed a featured based mesh adaptation for simulations of compressible ows.
• Adaptivity is done locally by identifying holes and remesh those local regions.
• Local adaptivity is robust and efficient for complex domains with curved boundaries.
• Mesh adaptation improves solution resolutions, especially for strong shocks.
• The adaptation process takes small percentage of run times for unsteady simulations. Modern CFD has the ability to explore problems that are more com-2 plex than ever before, partly because of more powerful computing resources. However, the recent evidence suggests that there is still significant unrelia-4 bility in the numerical predictions made by current CFD codes for the same 5 problem. A strong relation between solution quality and mesh topology has 6 been shown, further indicating that current mesh design practices are not 7 sufficient [6] . Due to the fundamental impact of mesh on the approxima- boundaries usually generate problems [6] .
A C C E P T E D M A N U S C R I P T
A
32
In an effort to improve the robustness and automation of mesh adapta-33 tion, this paper proposes an adaptive re-meshing method that can be used 34 for variety of problems in CFD and removes the meshing bottleneck which 35 is common to boundary-conforming methods. the holes locally based on an feature-based indicator and re-meshes these re-
49
A C C E P T E D M A N U S C R I P T 
where the conventional summation is employed and n j is the outward unit 65 normal vector to ∂Ω. The unknown vector of the conservative variables,
66
inviscid and viscous flux tensors are given by
A C C E P T E D M A N U S C R I P T based adaptivity is developed and employed to adjust computational grids.
79
In subsequent sections, these techniques will be discussed in details. 
Unstructured Mesh Generation
81
The computational domain Ω is subdivided into a set of non-overlapping 82 tetrahedral elements using a unstructured mesh generation process. In this 83 section, the methods for generating an unstructured grid are briefly summa-84 rized. In an unstructured mesh, the number of points and elements which are 85 neighbours to an interior point is not kept constant throughout the domain.
86
The mesh algorithm can handle arbitrary geometries in a fully automatic 
99
The background mesh employed must cover the region to be discretized.
100
In the generation of an initial mesh, the background mesh usually consist of 
The quantities δ 1 , D, and x c denote user-specified values which can be connecting point I and J as follows,
In the expression (4) The contribution of the inviscid flux over the control volume surface for
where Λ I denotes the set of nodes connected to node I by an edge and Λ
B I
159 denotes the set of nodes connected to node I by an edge on the computational 
Time Discretization
170
When the terms in Eq. (1) is approximated by the above finite volume discretization scheme, the final form of discrete equations is written as
where U h is the discrete solution vector and R h is the residual vector representing FV discretization of the inviscid fluxes,
The time derivative term is discretized using finite difference at time step n and the residual term is evaluated from solutions at time step n and
possibly previous time steps. In this work, the following explicit K th order
Runge-Kutta time discretization can be used for solving Eq. (7)
where removal, node repositioning and degree relaxation.
A C C E P T E D M A N U S C R I P T
The adaptive re-meshing strategy presented in this paper is to re-mesh the mesh size distribution also takes into account the mesh transition in time.
210
The numerical solution u such as density, pressure, etc at the current time
211
will be used to predict the desired element size for the new mesh. function at node P is defined as follows:
The new mesh size of the local regions to be re-meshed will fall into the range As the optimal nodal spacing is determined from given solutions, the mesh all elements connected to those nodes also need to be marked for deletion.
261
The marked elements are then removed from the original mesh and stored to 262 act as reference background grids for later interpolation of solutions from old 263 mesh to new adapted mesh. The deleted elements are grouped into 'holes'.
264
As seen in Fig. 1(d 
278
The local regions to be triangulated on surface components are defined initial mesh used is depicted in Fig. 4(a) . At the beginning, a fine mesh was 293 used at the source of explosion. As the explosion sweeps through the nearby 294 building structures, the mesh will be adapted to the change in solutions.
295
The adapted mesh at a certain time of the simulation is shown in Fig. 4(b) .
296
As we can see in the figure, local curves and surfaces are re-meshed with In this work the classical linear interpolation approach was adopted. When a new point P from the adapted mesh is introduced to the previous background mesh, a searching process is carried out to identify the element κ i in the old mesh that contains the new point. The alternative digital tree [3] is used to accelerate this searching process. The solution u(P ) is then linearly interpolated to the new point P from the nodal values of that element.
where n k is the number of vertices P j of element κ i and b j is the barycentric 310 coordinate of P with respect to the element κ i . to a 'key' variable (pressure, density, velocity, etc) (Eq. 10).
317
• Compare with the global spacing to get the final desired mesh size.
318
Identify holes
319
• Compute percentage change between new and current nodal spac-320 ings (Eq. 11).
321
• Use re-meshing criteria to mark regions where the mesh should be 322 changed.
323
• Group deleted elements into holes and build a list of remaining 324 nodes. 
333
• Discretize the local curves.
334
• Update the list of nodes and proceed to surface re-meshing. 
350
• Using the new generated faces as boundaries (if any), the re-
351
mainder of the hole is re-meshed using the isotropic Delaunay
352
triangulation with the local background mesh defined above.
353
• Add the local new meshes to the global mesh. 
459
The simulations were run on 4 CPUs of a workstation with 32 Gb of RAM.
460
It can be seen that numerical simulations agree well with experimental data 
